Objective: Carotid-femoral pulse wave velocity (PWV), the current "gold-standard" measure of arterial stiffness, has emerged as an important independent predictor of cardiovascular events. The increased PWV is recognized as an indicator of atherosclerosis. The relationship between isolated coronary artery ectasia (CAE) and carotid-femoral PWV has not been well-described. The aim of our study was to assess this relation. Methods: Thirty-four patients with isolated CAE without any visible coronary stenosis and 24 control subjects with angiographically normal coronary arteries were enrolled to this cross-sectional observational study. Applanation tonometry was applied to assess the carotid-femoral PWV. Statistical analyses were performed by Mann-Whitney U and Chi-square tests. Multiple linear regression analysis was used for the evaluation of the relations of parameters. Results: The baseline clinical and laboratory parameters of the both groups were similar. Patients with isolated CAE had significantly higher carotid-femoral PWV compared to control subjects (10.5±2.4 vs 9.2±1.7 m/s, p=0.02). In multiple regression analysis, age (beta=0.23, 95% CI=0.001-0.094, p=0.04), number of ectatic vessels (beta=0.24, 95% CI=0.044-1.07, p=0.03), and systolic blood pressure (beta=0.52, 95% CI=0.028-0.1, p=0.001) were found independently related to PWV. Conclusion: We have shown an association between increased carotid-femoral PWV and isolated CAE, suggesting that atherosclerosis may be involved in the pathogenesis of isolated CAE without any coronary stenosis in the adult population. ( 
Introduction
Coronary artery ectasia (CAE) is defined as localized or diffuse dilation of the coronary arteries with a luminal dilation exceeding the 1.5-fold of normal adjacent segment or vessel diameter (1) . Isolated CAE comprises a small portion of the total of CAE cases with an incidence of 0.1-0.79% and coronary artery stenosis, valvular heart disease and other cardiac disorders are not present in this phenomenon (1) (2) (3) (4) . Although occasionally related to congenital anomalies, inflammatory diseases or coronary interventions, the etiology of CAE is linked to coronary atherosclerosis in most cases (1, 5) .
Arterial stiffness (AS) is increasingly being recognized as an important cardiovascular (CV) risk factor and an independent predictor of all-cause and cardiovascular death (6) (7) (8) . Carotidfemoral pulse wave velocity (PWV) and augmentation index (AIx) are main methods for assessment of the AS. Carotidfemoral PWV which is reported to be a gold-standard measurement of arterial stiffness is a non-invasive measurement of the distensibility of the aorta (9) and is strongly associated with atherosclerosis (10) .
Previously, two studies investigated the association of AS and CAE (11, 12) . However, these studies included patients with coronary ectasia who have coronary stenosis (significant or not) and measurement of AS was not performed by gold standard method. Therefore, the relationship between isolated CAE and aortic PWV and atherosclerosis has not been well-described in these two studies. Accordingly, our study was designed to investigate the carotid-femoral PWV to be an indicator of atherosclerosis and to assess the relationship between the number of ectatic vessels and PWV in patients with isolated CAE without any visible coronary stenosis.
Methods

Study design and Subjects
The population of this cross-sectional observational study was selected among 4958 patients who underwent coronary angiography because of presence of anginal chest pain or positive noninvasive tests results between December 2007 and April 2009 at the Cardiology Department of Faculty of Medicine of Karadeniz Technical and Rize Universities and Ahi Evren Cardiovascular and Thoracic Surgery Training and Research Hospital. The study group (group 1) consisted of 34 patients (21 men, 13 women, mean age=56±12 years) with isolated CAE. Group 2 consisted of 24 age -matched patients who were selected in a consecutive manner from the patients who underwent coronary angiography during the same study period and proved to have normal coronary angiograms. To be included in the study, patients needed to have no visible stenotic lesions in the coronary tree (different from other ectasia studies), no valvular heart disease and no wall motion abnormalities with echocardiography or ventriculography. Patients and control subjects were evaluated for classic risk factors for coronary artery disease (CAD). Hypertension was considered to be present if the patient was taking antihypertensive drugs at the time of hospital admission or if evidence of ≥140 mmHg systolic blood pressure (BP), ≥90 mmHg diastolic BP, or both was found on examination. Hypercholesterolemia is defined as total cholesterol >200 mg/dL. The study protocol was approved by the local Ethics Committee and informed consent was obtained from all patients and controls.
Coronary angiography
Selective coronary angiography was performed by the Judkins or Sones technique without using of nitroglycerin. Coronary angiograms were analyzed by two experienced observers. CAE was defined as an enlargement of the vessel's lumen above 1.5 times that of an adjacent normal artery or normal parts of the same vessel (1).
Arterial stiffness measurements
Peripheral artery pressure waveforms were evaluated noninvasively using applanation tonometry. The measurement of carotid-femoral PWV was performed with the SphygmoCor system (AtCor Medical, Sydney, Australia) after an overnight fast and 24 hours off of any antihypertensive medications. Subjects were asked to omit caffeine beverages, smoking, and alcohol for at least 12 hours before the assessment. All measurements were performed in a quiet, temperature controlled room. After 10-15 minutes with the participant resting in the supine position, the carotid-femoral PWV was measured by sequential recordings of the arterial pressure waveform at the carotid and femoral arteries with a hand-held micromanometer-tipped probe on the skin at the site of maximal arterial pulsation. Gating of the recordings at these two sites to the electrocardiogram (ECG) allowed the PWV to be measured. The distances from the carotid sampling site to the suprasternal notch and from the suprasternal notch to the femoral artery were measured (13) . The carotid-femoral PWV (in meters per second) was calculated automatically as the distance (Δd) between the carotid and the femoral sampling site divided by the time interval (Δt) between systolic R-wave and femoral systolic upstroke minus the time interval between systolic R-wave and carotid systolic upstroke (PWV = Δd/Δt). The carotid-femoral PWV was determined as the mean of at least three consecutive beats recorded during 10 seconds of data acquisition. The augmentation index (AIx) is another arterial stiffness parameter and suggests the difference between early and late pressure peaks divided by central pulse pressure. To measure AIx, an ascending aortic pressure waveform was derived from the radial artery waveforms recorded at the wrist using applanation tonometry with a high-fidelity micromanometer. The aortic augmentation pressure was calculated as the difference between the first and second systolic peaks of the ascending aortic waveform, and AIx was expressed as a percentage of the central pulse pressure (the difference between the central systolic and diastolic pressures).
All measurements were performed by the same investigator who was unaware of the clinical and echocardiographic data. For reliable results, only high-quality recordings were included in the analysis. These were defined as an acceptable curves on visual inspection and in-device quality index of >80% derived from an algorithm including average pulse height, pulse height variation, diastolic variation, and the maximum rate of rise of the peripheral waveform.
Study variables
The presence of coronary ectasia and number of ectatic vessels were examined as a predictor variables. Carotid-femoral PWV was primary outcome variable of this study. Systolic and diastolic BP, age, treatment and risk factors for CAD were confounding variables.
Statistical analysis SPSS software program (SPSS, 10.0, Inc, Chicago, Illinois, USA) was used for statistical analyses. Continuous variables were described as mean±SD and analysed using Student-t test and Mann-Whitney U test when appropriate. Normality of values' distribution was assessed by Kolmogorov-Smirnov test. Chi-squared test was used for analysis of categorical variables.
Univariate correlation analysis was used to assess the relationship between PWV and other parameters. Multiple regression analysis was used to detect the independently related factors to PWV. A p value <0.05 was considered statistically significant.
Results
Baseline and angiographic characteristics There were 34 patients with isolated CAE out of 4958 cardiac catheterizations (0.68%). There were no statistically significant differences (p>0.05) between the groups in terms of gender, age, cardiovascular risk profile and cardiovascular medical therapy (Table 1 ). There was no evidence of a collagenosis, connective tissue or inflammatory disease in our patients. Ectasia involved the left anterior descending artery in 24, the left circumflex artery in 15, and the right coronary artery in 14 patients. One vessel, 2 vessel and 3 vessel ectasia were found to be present in 20 (59%), 9 (26%) and 5 (15%) patients, respectively.
Arterial stiffness parameters
Patients with isolated CAE had significantly higher carotidfemoral PWV compared to control subjects with angiographically normal coronary arteries (10.5±2.4 versus 9.2±1.7 m/s, p=0.02, Table 2, Figure 1 ). However, AIx was similar in both groups (p>0.05). 
Relationship between PWV and other variables In univariate correlation analysis, a relationship was found between PWV and age (r=0.389, p=0.003), number of ectatic vessels (r=0.361, p=0.008), systolic (r=0.470, p<0.001) and diastolic (r=0.347, p=0.008) BPs. Age (beta=0.23, 95% CI=0.001-0.094, p=0.043), number of ectatic vessels (beta=0.24, 95% CI=0.044-1.07, p=0.034) and systolic BP (beta=0.52, 95% CI=0.028-0.1, p=0.001) were found to be independently related to PWV in multiple regression analysis (Table 3) .
Discussion
In the present study, we investigated the relationship between carotid-femoral PWV and isolated CAE. We found that patients with isolated CAE have significantly higher carotidfemoral PWV compared to control subjects with angiographically normal coronary arteries. In addition, age, number of ectatic vessel and systolic blood pressure were independently related to PWV.
CAE is a uncommon angiographic finding and generally associated with coronary stenosis. Although that the clinical significance of CAE also remains poorly understood, it can lead to stable angina pectoris and acute coronary syndrome (14) . Isolated CAE is a very rare entity and its prognosis is a better (15) investigated the clinical significance of CAE and were reported that CAE was associated with acute myocardial infarction in half of cases and acute coronary syndrome in one third of cases. They also reported that acute coronary syndrome caused by isolated CAE is rare and it has a good prognosis. The underlying pathological mechanism of CAE is not completely known. At the present time, CAE is considered to be a variant of CAD, although that 20-30% of cases are associated with collagenosis (16, 17) or connective tissue diseases (18, 19) . CAE is commonly coexistent with CAD and there is a relationship between coronary ectasia and several markers of atherosclerosis and inflammation such as leukocyte counts, matrix metalloproteinases, interleukins, uric acid, adiponectin, lipoprotein-associated phospholipase A2, C-reactive protein (CRP), plasminogen activator inhibitor-1 (PAI-1) (20) (21) (22) (23) (24) (25) (26) .
Arterial stiffness is an independent risk factor for all-cause mortality and cardiovascular death (6) (7) (8) . In addition, increased aortic stiffness has been shown to predict future cardiovascular events (6) . Moreover, PWV is strongly associated with atherosclerosis (10) . Several studies reported the various conditions associated with increased arterial stiffness. They include (i) CV diseases such as coronary heart disease (6), congestive heart failure (27) , and fatal stroke (28); (ii) CV risk factors such as obesity (29) , smoking (30), hypertension (6), hypercholesterolemia (31), impaired glucose tolerance (32), metabolic syndrome (29) , and types 1 and 2 diabetes (32, 33). Many methodologies have been applied to assess the arterial stiffness: 1) measuring PWV, 2) relating change in diameter (or area) of an artery to distending pressure, and 3) assessing arterial pressure waveforms. The measurement of PWV is generally accepted as the most simple, noninvasive, robust, reproducible and gold-standard method to determine aortic stiffness (9, 34) . To our knowledge, however, there are no published reports concerning the association between carotid-femoral PWV and isolated CAE.
Only two previous studies examined the role of aortic stiffness in patients with CAE. Koşar et al. (11) found impaired distensibility and strain of the aorta in patients with CAE, compared with the control group with angiographically normal coronary arteries. In contrast to our study, aortic stiffness was assessed over the aortic root by means of echocardiography that is a less reliable method than PWV. Moreover, the majority of their patients with coronary ectasia had coexisting nonsignificant stenotic lesions (<50%). However, our patients did not have any stenotic coronary lesions with visual assessment. Tüzün et al. (12) reported impaired aortic stiffness parameters in CAE patients. The assessment of aortic stiffness was performed by echocardiography in their study. In addition, in both studies, isolated CAE patients were not assessed as a different group from the CAE patients with CAD.
In this study, an independent relationship was found between PWV which is an important indicator of atherosclerosis (10) and the number of involved vessels. The inflammation has an important role in arterial stiffness. A large number of inflammatory markers were found to be associated with arterial stiffness and PWV in various studies (35) (36) (37) (38) . For example, CRP reported to be associated with PWV in both asymptomatic population (36) and patients with ectasia (25) . Likewise, a relationship between PAI-1 and PWV (38) and aortic stiffness (39) was shown. On the other hand, there also are numerous published reports that show a relationship between isolated CAE and inflammation. Kocaman et al. (20) reported increased total and differential leukocyte counts, which are significant inflammation markers in patients with isolated CAE. Şen et al. (22) found increased serum uric acid level which is associated with endothelial function and inflammation which plays an important role in atherosclerosis in isolated CAE patients. Korkmaz et al. (24) reported a relation CAE and increased serum level of the lipoprotein-associated phospholipase A2 which is a specific vascular inflammation marker. In addition, Çiçek et al. (26) reported increased level of PAI-1 in patients with isolated CAE. PAI-1 is a major inhibitor of fibrinolysis and associated with CAD. Thus, it may have been proposed that the development of CAE and increase of PWV result from common etiologic factor such as inflammation that has a central role on development of atherosclerosis. Finally, Aksu et al. (3) proposed that patients who have isolated CAE or CAE with CAD have similar etiopathogenesis because of they have considerably similar risk factors of CAD and clinical presentation. Therefore, we thought that the possible etiology in our patients is coronary atherosclerosis.
On the other hand, AIx is another stiffness parameter suggests wave reflections and arterial stiffness. In this study, AIx was similar in two groups. There are some possible explanations of this situation. For example, PWV and AIx have different determinants. AIx is mainly determined by the magnitude of reflected pressure wave that relies on the tone of the resistance arteries. However, PWV is associated with wall structure of large elastic artery. Therefore, both parameters are not always affected in the same way (40) . In addition, AIx is a better indicator of stiffens in young people. Whereas, the number of young subject in our study is a little.
The results of our study have some potential importance: First, this study has included only fully isolated coronary ectasia patients who have no visible coronary stenosis. Also, arterial stiffness was assessed by PWV which is the gold-standard method. Thus, our study differs from the other studies that investigated the relation between AS and CAE. Secondly, our results have supported that the role of atherosclerosis in pathogenesis of isolated coronary ectasia and consistent with prior studies (11, 12) . Third, CAE increases the rate of cardiovascular morbidity and mortality by increased incidence of ischemia and myocardial infarction. However, cardiovascular mortality is also increased due to increased arterial stiffness despite lack of significant stenosis in subjects with isolated CAE. Thus, potential benefits of primary prevention in subjects with isolated CAE (even without evident atherosclerotic stenosis) should be evaluated with future prospective studies.
Study limitations
First, the study population of this study is quite small. In addition, long-term effects of increased PWV in patients with isolated CAE are unknown because of cross-sectional nature of our study design. Second, although the carotid-femoral PWV is a gold-standard measurement of arterial stiffness, its calculation by SphygmoCor system has some potential errors. The measurement of distance between carotid and femoral site should be performed very carefully. Because, small measurement errors may lead to great calculation mistakes, especially, in the persons who have large chest and abdomen circumferences. The caffeine beverages, smoking, alcohol consume and antihypertensive medications should be stopped 12-24 hours before the assessment, because those have affected arterial stiffness measurements. In addition, the records of pulse waves from carotid and femoral sites using SphygmoCor system should be performed at short notice to avoid from heart rate variability and isovolumic period alterations. To avoid these potential errors, all arterial stiffness measurements were performed very carefully and only high-quality recordings defined as in-device quality index of >80% were included in the analysis in this study. Further studies are needed to confirm of our findings.
Conclusion
Carotid-femoral PWV was found to be significantly higher in patients with isolated CAE, suggesting that atherosclerosis may be involved in the pathogenesis of isolated CAE in the adult population.
